Abstract
Introduction
Hysteresis nonlinearities appear in many smart-material-based systems. Smart materials such as magnetostrictive materials, piezoceramics and shape memory alloys hold high promise for the design of a new generation of actuation systems. Hysteresis inherent in smart-material-based actuator severely limits systems' performance. It may lead to undesirable accuracy or oscillations, even instability [1] . However, it is difficult to control accurately hysteresis systems by using conventional schemes due to the nonsmooth and multi-valued mapping property of hysteresis.
The development of control techniques to mitigate effects of unknown hysteresis has recently attracted significant attention. The control strategies of hysteresis systems can generally be classified as two categories. The first is the use of inverse hysteresis as a compensator and the second is without using the inverse construction.
In the first category, different inverse hysteresis models are constructed, including inverse Preisach model [2] , inverse PI model [3] , inverse KP model [4] and inverse BoucWen model [5] . By implement the inverse model as part of the closed controller or as a feed-forward compensator, the hysteresis was approximately compensated and a feedback controller was used to reduce residual error due to inaccurate inverse hysteresis model and system uncertainties. In order to construct the hysteresis inverse to cancel hysteresis effect, the most schemes assume that hysteresis output is measurable directly. In practice, the hysteresis hides in the plants so that it usually cannot be measured directly. Hence, the controller dependent upon the measured hysteresis output is very difficult to implement. Moreover, it is difficult to demonstrate the stability of resulting closed-loop system with the inverse model. This explains the reason why the second group of controller was developed. In the second category, the controller schemes without constructing inverse hysteresis to mitigate the effect of hysteresis include adaptive control [6] , sliding mode control [7] and variable structure control [8] . The merit of these schemes is to fuse the
System Description
Consider a class of nonlinear systems with hysteresis and unknown control direction: Bouc-Wen model is taken to describe hysteresis and can be expressed as: The following result can be found from in [9] : 
Controller Design
Consider the nonlinear system described by (1),we make the following assumptions: Assumption 2) There exists a compact region 
Nussbaum Function
In order to solve the unknown control direction, in this paper we adopt Nussbaum 
Error Transformation
For the sake of translating the prescribed performance characteristics into tracking error constraint, firstly the performance function
is positive, decreasing and
 , a smooth function
is called a performance function. To guarantee P2, the tracking error must satisfy the following condition:
for all To satisfy P1 and P2, we incorporate an error transformation, more specifically, we define: 
Differentiating (12) with respect to time, we obtain:
where
Therefore the transformed system dynamics can be described as:
Remark 1) the transient and steady state tracking error behavioral bounds are given via performance function (1) is invariant under the error transformation (8).
Adaptive Neural Network Control
The following change of coordinates is defined as: The controller design includes n steps and the design process is as follows:
Step 1: Expected virtual control 1  is chosen by (12) and (13):
where 1 c and  are both positive constants. RBF neural network is used to approximate the unknown function   11 fx . 1 f is the estimated value of   
Substituting (16)- (20) into (22), we can obtain that
, (23) can be written as: 
Conclusion
An adaptive backstepping controller is proposed for nonlinear systems with hysteresis and unknown control direction by utilizing error transformation. The hysteresis is described by Bouc-Wen model. Nussbaum function is employed to solve the unknown direction gains. The performance function is used to confine the error to a predefined residual set. The results indicate that all signals in the closed-loop systems are bounded. The proposed scheme can eliminate the effect of hysteresis and meanwhile guarantee the prescribed performance.
